Abstract. Obesity is regarded as a risk factor for cardiovascular disease. However, it is still unclear how childhood obesity is related to atherogenesis. Endothelial dysfunction is thought to be the earliest event in the development of atherosclerosis. We evaluated vascular endothelial function in obese children by measuring percent flow-mediated dilatation, an arterial response to reactive hyperemia. Percent FMD was examined using high-resolution vascular ultrasound in 20 boys (10.0 ± 2.1 yr) and 17 girls (9.6 ± 1.9 yr) with simple obesity. Physical examination, laboratory tests, and carotid ultrasonography were also performed. No atherosclerotic changes were observed in the carotid artery in any of the obese subjects. In the obese children, percent FMD was lower than in non-obese controls, (boys: 8.0 ± 3.7% vs. 14.6 ± 3.8%, P<0.001; girls: 7.3 ± 1.8% vs. 16.3 ± 5.7%, P<0.001). There were significant inverse linear correlations between % FMD and GPT, uric acid (UA), HbA1c, and diastolic blood pressure in the boys. In the girls, significant inverse linear correlations were noted between % FMD and age, waist-hip ratio, percent body fat, fat content, fat-free mass, abdominal fat index, IRI, systolic blood pressure, and diastolic blood pressure. This study showed that endothelial function was impaired in children with simple obesity and that % FMD was an excellent parameter for detecting endothelial dysfunction in these children. While many factors are associated with endothelial dysfunction, the diastolic blood pressure seems to be one of the most important in obese children.
Introduction
Obesity is increasing in children, and adiposity is noted in approximately 10% of elementary school and junior high school pupils. It has become apparent that multiple metabolic syndrome complexes, such as syndrome X or the deadly quartet, can occur even in childhood. In these states, diabetes mellitus and atherosclerosis are the most important phenomena that attract our attention. However, it is still unclear how childhood obesity is related to atherogenesis. It h a s b e e n r e p o r t e d t h a t th e p r o c e s s o f atherosclerosis begins in youth (1) (2) (3) . In various typ es of va s cul ar r emodel ing inclu d ing atherosclerosis, endothelial dysfunction is one of the earliest disorders. The percent flow mediated dilatation (% FMD), an arterial response to reactive hyperemia, is thought to be a useful parameter of endothelial function, which is measured noninvasively using high-resolution vascular ultrasound.
We measured % FMD to evaluate vascular endothelial function in obese children and investigated the influence of several factors, such as the severity of obesity, biochemical parameters and oxidative stress markers.
Subjects and Methods

Subjects
We enrolled 20 boys (10.0 ± 2.1 yr) and 17 girls (9.6 ± 1.9 yr) with simple obesity who were more than 20% above ideal body weight. As a non-obese control group, we enrolled 8 healthy boys (8.9 ± 2.2 yr) and 6 healthy girls (8.3 ± 2.9 yr). The non-obese children were judged healthy by medical examination, and written informed consent was provided by the subjects' parents.
Study protocol
1) A physical examination was performed which included the height, weight, obesity index, abdominal circumference, hip circumference, and supine blood pressure. We also measured the percent body fat by the bioelectrical impedance method (4) using a Bio-impemeter SS103 (Sekisui Co., Ltd, Japan) and the abdominal fat index (AFI) (5) by abdominal ultrasonography using a HEWLETT-PACKARD SONOS 5500.
2) Laboratory tests included the following: total cholesterol (TC), triglycerides (TG), high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C), malondialdehyde low density lipoprotein (MDA-LDL), immunoreactive insulin (IRI), HbA1c, GPT, uric acid (UA), plasminogen activator inhibitor (PAI-1) (6-8), and acrolein (9) . Blood samples were obtained after an overnight fast. The plasma was separated by centrifugation at 3,000 g for 10 min at 4 C and stored at -70 C. PAI-1 was analyzed by a LPIA t-PAI kit (Mitsubishi Kagaku Medical Inc, Japan) and acrolein was analyzed by an ACR ELISA kit (NOF Co., Ltd, Japan).
3) We evaluated wall asymmetry and plaque formation in the carotid artery and measured the intima-media thickness (IMT) (10) by carotid ultrasonography using a HEWLETT-PACKARD SONOS 5500. The carotid artery was considered normal when IMT was less than 1 mm. 4) Noninvasive assessment of the brachial artery endothelial function (11) was performed as described below.
Noninvasive assessment of endothelial function
Increased blood flow generates shear stress on vessel walls and causes nitric oxide (NO) to be released from vascular endothelial cells. Therefore, dilatation of an artery in response to increased blood flow is dependent on an intact endothelial function. The diameter of the brachial artery was measured on two-dimensional ultrasound images using a 7.0 MHz linear array transducer and a HEWLETT-PACKARD SONOS 55 00 . The brac hial artery was s canned longitudinally at 2 to 10 cm above the elbow after the subject had rested for at least 10 min to determine the baseline vessel diameter. Increased blood flow was induced by inflating a pneumatic tourniquet distal to the target arterial segment and holding the pressure at 250 mmHg for 4~5 min. Then scanning was repeated at 30 sec before and 90 sec after cuff deflation. Arterial flow velocity was measured using a pulsed Doppler signal at a 70° angle to the vessel wall, with the range gate (1.5 mm) set at the center of the artery. Flow measurements were recorded during the first baseline scan and again during the first 15 sec of reactive hyperemia. The increase in flow was expressed as a percentage of baseline flow. The ECG was monitored continuously throughout the study.
Data analysis
The arterial diameter was measured from the anterior to the posterior "m-line" at end diastole, coinciding with the R-wave on the ECG. Four cardiac cycles were analyzed for each scan. For the reactive hyperemia scan, diameter measurements were obtained at 50-60 s after cuff deflation. Changes in diameter were calculated as a percentage relative to the baseline diameter by the following equation: % FMD = [(diameter after cuff deflation -baseline diameter) / baseline diameter] × 100 (%).
Statistical analysis
Descriptive data are presented as the mean value (SD) unless otherwise specified. Differences of % FMD between patients obese and control subjects were analyzed by the unpaired Student's ttest. Statistical significance was inferred at P<0.05.
Results
Carotid ultrasonography
There were no atherosclerotic changes, such as fatty streaks, plaque formation, or IMT thickening, of the carotid artery detected by ultrasound in any of the obese subjects.
Endothelial function
Neither symptoms nor adverse events were observed during the measurement of % FMD. In the obese children, the percent FMD was lower than in the non-obese control group (boys: 8.0 ± 3.7% vs. 14.6 ± 3.8%, P<0.001; girls: 7.3 ± 1.8% vs. 16.3 ± 5.7%, P<0.001) (Fig. 1) .
Correlation between % FMD and various parameters
In the boys, there was a significant inverse linear correlation between % FMD and GPT, UA, HbA1c, and diastolic blood pressure (Table 1) . In the girls, significant inverse linear correlations were noted between % FMD and age, waist-hip ratio, percent body fat, fat content, fat-free mass, abdominal fat index, IRI, systolic blood pressure, and diastolic blood pressure (Table 1) .
Discussion
Associated with changes of life style in recent years, obesity has increased steadily in children. Boa et al. reported that approximately 70% of obese teenagers remained obese during adulthood and most of these obese adults had cardiovascular risk factors (12) . As a result, obese teenagers are likely t o b e c o m e o b e s e a d u l t s w i t h m u l t i p l e c a rd i o v as c u l a r r i s k f ac t o r s . C o ro n ar y atherosclerosis has been found in obese Americans at puberty to various degrees on pathological examination, even without dyslipidemia (2, 3).
Endothelial dysfunction is believed to be one of the earliest manifestations of atherosclerosis (13) . Once endothelial dysfunction occurs, many generates shear stress on the vascular wall, and consequently NO is released from blood vascular endothelial cells. Therefore, dilatation of the brachial artery in response to increased blood flow in the present study was dependent on endothelial function. Previous studies have shown a decrease of % FMD in young adults and children with diabetes mellitus, hyperlipidemia, and smoking (11, 14, 15) . In this study, we demonstrated a decrease of % FMD in obese children, although the carotid artery showed no atherosclerotic changes in any of our subjects. These data indicate that the earliest stage of atherogenesis may be present in children with simple obesity, but was not advanced in this group. This emphasizes the importance of managing obesity during this period of life, especially considering the risk of the transition from childhood obesity to adult obesity associated with multiple cardiovascular risk factors, as mentioned above. Our data also indicate that % FMD is an excellent method for detecting this earliest stage of atherogenesis in children. Furthermore, this study revealed gender differences in the parameters related to % FMD among obese children. Percent FMD was correlated with age in girls. Some factors related to physique may be age-dependent, so age may influence the correlation with these factors in girls. However, % FMD was inversely correlated with the obesity index and percent body fat in girls, which are considered to be independent of age. This result suggests that adiposity is an independent risk factor for atherosclerosis. Ziccardi et al. reported that impaired endothelial function and activation of pro-inflammatory cytokines improved after weight loss and/or liposuction surgery in young adult obese women (16) . The role of adipocytokines in atherogenesis in obese children is an interesting issue for further investigation, but the cause of the gender difference is unclear from the results of this study. One possible reason for the difference may be an effect of estrogen, which is believed to be a strong anti-atherosclerotic agent. In this study, the age range extended across the development of secondary sexual characteristics. Investigation of more precisely age-and gender-matched populations are necessary to further analyze these gender differences. Furthermore, % FMD was not correlated with laboratory abnormalities except glucose intolerance. In particular, it was not related to dyslipidemia (LDL cholesterol, MDL-LDL), PAI-1, and acrolein. These factors may play a more important role in the advanced stages of atherosclerosis with plaque formation, rather than the earliest stage of atherogenesis. Diastolic blood pressure was correlated inversely with % FMD in both obese boys and girls. While the driving force generated by cardiac contraction and vascular resistance affects the systolic blood pressure, diastolic blood pressure mainly expresses the vascular resistance. Thus, this strong inverse correlation between % FMD and diastolic blood pressure was not surprising and diastolic pressure may be a very important factor related to atherogenesis in obese children. The development of atherosclerosis is dependent on a complex interplay between many factors and processes. Atherosclerotic lesions cover a spectrum from endothelial dysfunction to plaque rupture and acute coronary syndrome or stroke in obese adults. Furthermore, most obese adult patients have several cardiovascular risk factors, so it is very difficult to analyze the influence of each individual factor on the development of atherosclerosis. However, obese children only suffer from the earliest stage of atherogenesis, as we showed in this study, and they have fewer cardiovascular risk factors than obese adults. From this standpoint, careful investigation of obese children may be important to elucidate the mechanisms of the onset of atherogenesis associated with obesity.
